This study examines the economic feasibility of 4 alternative large animal mortality composting systems that a producer-owned entity could potentially operate. The 4 systems evaluated are a vertical mechanical composter (Dutch Composter), a horizontal mechanical composter (BIOvator   TM   ) , an open static pile yard and a roofed or covered static pile yard. This study includes a 5-year pro forma financial analysis and suggests recommendations regarding the most economically viable and environmentally appropriate alternatives. Based on the financial analysis and the current regulatory environment, the recommended compost system for a regional animal mortality facility is static piles under roof. However, alternative technologies may be feasible in other scenarios.
Introduction
In Missouri, all animal mortalities must be properly disposed within 24 hours. Five disposal options that have been acceptable, in order of preference, are rendering, composting, land filling, incineration, and burial (Fulhage, 1994) . Based on the U.S. Department of Agriculture's 2007 Census of Agriculture livestock estimates, Missouri State Highway Patrol 2007 data on deer-related accidents, and assumptions regarding death losses and average animal sizes, Missouri annual beef, dairy, hog, horse, and deer mortalities total 264.9 million kg and require proper disposal (Figure 1 ). Burial is challenging due to equipment needs and geographic restrictions. Few Missouri renderers, commercial incinerators, and landfills allow dead animal disposal. Several renderers ceased operations due to lower hide values linked to the recession and higher disposal costs associated with U.S. Food and Drug Administration (FDA) regulations issued April 27, 2009 (Note 1). These events caused the industry to lack traditional animal disposal means. Kilograms of large animal mortalities in Missouri by county. In Missouri, annual estimated beef, dairy, hog, horse, and deer mortalities total 264.9 million kg.
Legend: Estimated kilograms of mortality, by county, for beef, dairy, deer, hogs, and horses; 34,832 to 1,106,086; 1,106,086 to 1,559,522; 1,559,522 to 2,147,245; 2,147,245 to 2,867,679; 2,867,679 to 3,482,771; 3,482,771 to 7,045,537. One study evaluated dead animal disposal costs as a future threat for Arkansas stocker cattle operators. On a 1 to 5 scale -1 meaning not at all important and 5 meaning extremely important -stocker cattle operators on average scored dead livestock disposal costs a 3.2 (Troxel et al., 2007) . Animal disposal acceptance is a potential challenge. A Pennsylvania study asked participating beef, veal, dairy, poultry, and swine producers whether they'd fielded comments or complaints about their operations within the past 2 years. On average, 25.9 percent had received comments or complaints, and 0.5 percent specifically noted receiving dead livestock disposal comments or complaints (Nordstrom et al., 1999) .
Composting can be an environmentally compatible, low-capital option for dead animal disposal. Understanding composting processes, implementation, and costs is necessary before making a composting facility investment. This study evaluates the economic feasibility of 4 large animal composting systems.
Materials and Methods
To assess the economic viability of a dead animal composting facility, this study used interview and economic modeling methods. It considers the revenue and costs associated with operating 4 large animal composting systems: a vertical mechanical composter (Dutch Composter), a horizontal mechanical composter (BIOvator   TM   ) , an open static pile yard, and a roofed or covered static pile yard. Figure 2 diagrams a possible composting business supply chain that a farmer cooperative could operate. Not only could farmers themselves use a composting facility, but livestock auction operators and small-scale meat processors are also potential customers. A well-designed composting facility that uses sawdust, woodchips, and other carbon sources could significantly increase efficiency and enable good throughput for dead animal mortalities.
In each of these systems, the costs and composting speeds differ, but each requires a carbon source (wood chips, sawdust, hay, etc.) to ensure a proper carbon-to-nitrogen ratio and enable carcasses to decompose into soil amendments. Mechanical systems are popular in Canada, which has enacted strict rendering and disposal regulations. They've also been adopted by some large livestock complexes where arrival of dead animal pickup vehicles entails bio-security concerns that outweigh the high capital costs of mechanical systems. Piles are typically less expensive, but they lengthen the decomposition timeline, particularly when cooler weather slows the biological processes that lead to carcasses decomposing. Open static piles are the simplest, cheapest system. Covered static piles are similar, except composting takes place under a roof and on an impervious layer of packed clay, asphalt, or concrete. A roofed system is more environmentally conscious because it eliminates runoff caused when rainfall reaches a pile. Under roof, compost moisture levels are easier to control, which creates more ideal composting conditions. The composting process yields two main products: hides and the compost itself. The value of these products contributes to a large animal composting enterprise's economic viability. Skinning carcasses accelerates the composting process and provides additional value to the overall mortality composting enterprise. Hides usually sell for $40 to $55 per hide, but price may vary somewhat by region (Figure 3 ). The economic downturn in 2008 caused hide prices to plummet; however, they've since started to recover. The hide sales revenue stream would be influenced by economic conditions and could be uncertain. Vol. 7, No. 5; 2015 High-value markets for compost, such as horticultural uses, typically require mixtures that deliver nutrients that promote plant growth. Table 1 presents compositional analyses for the composting mixture, which includes a carbon feedstock, before animal composting has occurred and after the process is complete. Notably, the process does not yield high levels of nitrogen and phosphorus, which are key nutrient components important for plant growth. Instead, it mostly contributes dry matter. Table 2 shares nitrogen levels and pricing for organic ruminant compost compared with nitrogen content and pricing of other fertilizers. 
Note.
1 Imputed from lowest value of commercial compost available in bulk (conversion is $31.90/tonne of product).
Relative to the other fertilizers analyzed, ruminant compost is among the least nitrogen-rich, and as such, it has the lowest assumed fertilizer value per unit. Although ruminant compost seems price competitive in terms of cost per part nitrogen, significant nitrogen quantities would be needed given the ruminant compost's high proportion of dry matter. Due to animal-based compost's low fertilizer value and potential zoonotic disease liability, its use in high-end horticultural markets is not advisable unless it is further processed. Such heat processing would add substantial costs, however. Still, the ruminant compost's nutrient composition is sufficient for nearby farmers to use such compost as a soil amendment if they can pick it up from the composting site for free. Thus, the compost would not be a revenue source, but it also would not pose a cost as farmers would provide free removal. Composting is an aerobic process. Selecting the best biomass feedstock to use for composting depends on price, availability, and ease of use. Composting requires a carbon-to-nitrogen (C:N) ratio range between 20:1 and 40:1. The C:N ratios of all ingredients used in the composting recipe must be known and mixed in roughly correct proportions for the process to proceed efficiently. Moisture content in the 50 percent to 60 percent range is desirable for piles to efficiently compost material. Cattle's body composition is approximately 55 percent water. Efficient composting operations make special efforts to utilize recipes that achieve a moisture content and C:N ratio in the optimum ranges. Bulk density of composting ingredients is another useful property. The moisture content, C:N ratio, and bulk density of six carbon sources are shown in Table 3 .
Halfway Packing Company, interviewed early in 2010, indicated that the cost to operate a covered truck pickup route that accumulates dead animals is about $0.9321 per km. Respondents reported that established routes into livestock concentration areas usually yielded about 4,535.92 kg of dead animals. A typical route required about 563.27 km of travel to fill the truck. Mortality pickup costs, based on these surveys, would be approximately $0.11 per kg. At this rate, a 544.31-kg carcass would incur an average $60 pickup charge. Lower carcass pickup costs could be realized by shortening haul distances or loading multiple mortalities from a single site. Hauling costs may be a major economic factor that influences centralized dead animal disposal options, especially if the carcass rendering value is low and does not provide adequate income to offset the transportation costs.
In the following analysis, all four systems were assumed to be built in a facility capable of handling one dead cow per day. This was the minimum starting point thought to be practical. Specifying a facility that handles one cow per day allows for comparing each system on an equivalent basis. All systems are scalable simply by adding more mechanical compost units or adding more compost pile space. A $75 processing fee per 680.39 kg of animal mortality composted is assumed. This fee is not adjusted for potential inflation in the financial analysis. The financial analysis does not explicitly include a route truck or account for transporting dead animals from their original location to the compost site. It does, however, provide an investment option for a covered trailer that could transport dead animals, and it discusses the effect of potential government subsidies. Table 4 lists capital costs for each composting system considered. As noted earlier, the systems can manage one 680.39-kg dead cow per day, and they are scalable by adding more mechanical compost units or more compost pile space. For each system, a $50,000 working capital investment is assumed as a beginning cash balance, and each system has the same basic land and improvements requirements. These requirements include two acres that are graded, landscaped, and graveled to control water run-off issues. The site must be fenced and gated to control access, and each system requires a connection to electricity and water. For the Dutch Composter system, a concrete pad, on which the Dutch Composter would be erected, is an additional cost. Each system also uses a shipping container for equipment storage and office space, and each requires a payloader to move carcasses and carbon sources. Similar costs are also assumed across systems for miscellaneous tools and equipment. Major differences in each system's capital costs are due to varying building and machinery costs.
As the most simplistic system, open static piles incur no building costs other than the aforementioned shipping container for equipment storage and office space. Both the Dutch Composter and BIOvator TM systems include a 92.90 m 2 building with a concrete floor that would store finished compost up to 60 days. The covered composting system is operated within a 1,393.5 m 2 roofed facility, which is the largest cost of that system.
Machinery is the major cost involved in a mechanical composting system. The Dutch Composter completely composts a cow within 4 days, and hence, 4 units are required to handle an inflow of 1 cow per day. In Table 5 displays 2011 operational expenses for each composting system. Each system is configured to accept one 680.39-kg cow per day or 365 mature cows per year. A $10 per hour labor rate is assumed for an employee working 1 hour per day to operate the facility. Other operational inputs necessary for composting the animal mortalities are electricity and a carbon source. Electricity expenses are computed based on usage information supplied by the mechanical composter manufacturers and local electricity rates (Energy Information Administration). Electricity expenses for the Dutch Composter are notably higher than the BIOvator TM . No electricity expenses are assumed for static pile-based systems. Carbon source expenses reflect identical compost system requirements of 226 kg per animal composted and an average price of $35 per tonne for local carbon sources. An annual $500 miscellaneous fuel expense covers regional travel to secure carbon source materials and other administrative travel expenses. This fuel expense does not include the expense of operating a route truck, as noted earlier. Other operational expenses shown in Table 5 are estimates. An annual inflation rate of 3 percent is applied to each expense in the second year to fifth year shown in the financial analysis. Operational costs for the Dutch Composter are about 3 times the operational costs of the other composting systems. 194 $3,194 $3,194 $3,194 Fuel (excluding route truck) $500 $500 $500 $500
Maintenance/repairs $1,500 $1,000 $1,000 $1,000
Insurance $500 $500 $500 $500
Taxes $500 $500 $500 $500
Total ( 
Results and Discussion
A 5-year financial statement summary, based on the previously defined assumptions and projections, is given in Table 6 . The initial investment is assumed to occur in 2011, and a 3 percent annual inflation rate was applied to all expenses and revenue from 2012 to 2015. Operating expenses entail general expenses (i.e., insurance and taxes) and depreciation, which is calculated using the straight-line method, a 10-year useful life, and $0 salvage value. Income is assumed to be equivalent for each system. It represents the revenues from the $75 processing fee charged on each 680.39-kg carcass received. Thus, at one carcass per day, annual revenue is $27,375 (= $75 × 365 days). Due to low nutrient (nitrogen and phosphorus) value and potential zoonotic disease liability associated with animal-based compost, the compost is not assumed to have commercial resale value. However, the compost's nutrient profile is sufficient for nearby farmers to utilize the compost as a soil amendment if they can pick up it for free from the composting site. Hence, the analysis assumes no cost for removing finished compost.
Net income is computed as the difference between revenue and operating and direct (i.e., electricity and carbon) costs. Similarly, net cash flow is the difference between actual cash receipts and expenditures. The Dutch Composter system is financially infeasible given these assumptions, as indicated by negative net income and cash flow reported in Table 6 . Its infeasibility is mostly due to high electricity and depreciation costs. Positive cash flows make operating the BIOvator TM more feasible, even considering the net income loss due to depreciation expenses. Both net income and net cash flow indicate that open static piles are financially feasible. Cash flow in year 5 for roofed or covered static piles is the same as open piles, but net cash flow is negative due to costs of a roofed facility. However, the covered facility may be preferable due to environmental reasons, particularly if some initial investment could be offset by government subsidies.
Currently, a few federal and state programs offer subsidies for this type of operation. An animal composting operation may qualify for a government subsidy. A partially subsidized animal composting operation would reduce the startup investment requirement because the owner(s) investment would be reduced by the amount of subsidies received. Subsidies would not affect annual net income, cash flows, or net worth, but they would supplement the owner investment for capital expenditures required at startup.
Although not shown in the financial analysis, a route truck could be used to bring carcasses to the facility. Whether the added route truck expense would provide a positive economic advantage for the mortality composting facility is questionable. Purchasing a 1.83-meter by 3.66-meter enclosed utility trailer with a winch capable of handling 907.18 kg may be better option. A trailer and winch system could cost less than $5,000. The composting operation could rent the trailer to customers who need to transport animal mortalities. A $5 to $10 daily rental fee would cover depreciation and mileage expenses associated with using the trailer, but it would not provide a significant revenue stream that would affect the operation economically.
The full feasibility study, with engineering recommendations, can be obtained from the authors upon request. Based on the financial analysis and possible future environmental regulatory issues, the recommended compost system for a regional animal mortality facility is static piles under roof. This system can operate without regard to rain, snow, or other bad weather, and it minimizes environmental risks and handling of dead animals. Furthermore, roofed barns should not present public acceptance problems. This system is the most robust in its ability to be implemented correctly with minimal management, and it offers the most flexibility of scale and dead animal throughput volume. In addition, its capital investment and operating costs are less significant than those of the 2 mechanical options. Finally, roofed buildings may be constructed with public assistance and potentially operated for decades with minimal additional repairs or investments. The results of this financial analysis depend on regulations, competitiveness, climate, and access to inputs including carbon sources. Alternative technologies may be feasible in other scenarios.
Implications
This study's results may inform industry participants of the most viable, economical dead animal disposal options available to livestock producers and handlers. Based on the financial analysis and possible future environmental regulations, the recommended compost system for a regional animal mortality facility is static piles under roof. This system can operate without regard to weather, it minimizes environmental and dead animal handling risks, and roofed facilities should not create public acceptance problems. Given other circumstances, however, an alternative composting technology may be more feasible.
